Caesalpinia ferrea Mart (Leguminosae) is a medicinal plant used to treat diabetes, among other therapeutic properties, but which is also reported to have hepatotoxic effects. Although it contains substances such as flavonoids and coumarin, which are known to have antifertility activity, no studies have apparently been conducted to evaluate the potential adverse side effects of this plant on the function of the reproductive system after a chronic treatment. Therefore, this investigation was carried out to evaluate the effect and safety of the long-term exposure to C. ferrea on male Wistar rats' vital organs, reproductive system and sperm production. Adult and immature male rats were treated with an aqueous extract of C. ferrea at a dose level of 300 mg/kg of body weight, administered during one or two spermatogenic cycles of this species. The reproductive and vital organs were analyzed, and sperm was collected from the epididymal secretion of the right epididymis cauda. The long-term administration of C. ferrea did not significantly alter the body, vital and reproductive organs weights. Gamete production was not affected either. The chronic assessment of C. ferrea suggests that this plant does not affect the normal functioning of the Wistar rat reproductive system.
INTRODUCTION
Caesalpinia ferrea Mart (Leguminosae), popularly known in Brazil as "Pau-ferro" or "Juca", is a plant commonly used by the population for its antiulcerogenic (Bachi et al. 1995) , anti-inflammatory (Carvalho et al. 1996) and cancer chemopreventive properties (Nakamura et al. 2002) . This plant is also used for treating respiratory tract diseases, dysentery, diabetes (Bragança 1996) and liver inflammation (Di Stasi et al. 2002) , although the occurrence of hepatotoxicity has been reported in the literature (Di Stasi et al. 2002) . Phytochemical studies have shown the presence of sitosterol, flavonoids, saponins, tanins, coumarins, steroids and phenolic compounds in the hydroalcoholic extract of the stem bark and leaves of C. ferrea (Gonzalez et al. 2004) . Flavonoids have been shown to produce antiandrogenic activity and affect male fertility in dogs (Bhargava 1989) whereas coumarin, a well-known liver toxicant (Born et al. 2000) , has been reported to have antifertility activity in mature female rats (Ulubelen et al. 1994) . Sitosterol, a weak estrogenic phytosterol used for lowering cholesterol and treating benign prostatic hyperplasia (Kritchevsky and Chen 2005) , was reported to have caused decreased sex steroid concentrations in fish (MacLatchy and Van Der Kraak 1995) and lowered sperm counts in rats (Malini and Vanithakumari 1991) .
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LEDA M.F. LUCINDA et al. In addition, the administration of an aqueous extract of C. ferrea to Wistar rats submitted to a short-term bioassay showed a non-significant weight reduction of the seminal vesicle (Reboredo et al. 2006) .
Reproductive toxicity is linked to the occurrence of adverse effects expressed as alterations to the reproductive organs, the related endocrine and nervous systems, or pregnancy outcomes. Toxicity for males may result from adverse effects on sexual maturation, gamete production and transport, sexual behavior and fertility (Kimmel et al. 1995) . A variety of chemical and physical agents, including the natural occurring substances found in plants, have been associated with male reproductive toxicity (Dixit et al. 1989 , Montanari et al. 1998 , He et al. 2010 , Wang et al. 2010 ). Folk medicine is traditionally employed by many people throughout the world. However, the clinical knowledge on the effectiveness of plants in the treatment of diseases and fertility-related problems, as well as the risks and nature of any adverse side effects, are quite often not clearly determined.
Acute, chronic and subchronic tests are among the standard protocols routinely used for toxicity tests of the reproductive system. Short-term tests are important to identify target sites and affected cell types, while longterm tests provide information on toxic effects of longterm dosing, covering one or more spermatogenic cycles (Zenick et al. 1994) . Considering the popular use of C. ferrea, the seminal vesicle being a possible target organ, and the presence of substances with antifertility activity among its constituents, this study was designed to investigate the potential reproductive toxicity in male Wistar rats submitted to long-term treatments with an aqueous extract of this plant. (São Paulo State, Brazil) , where a voucher specimen registered under the number 3221 is kept. The air-dried fruits were cut into small pieces and macerated in distilled water to obtain a crude aqueous extract (w/w yield = 23%). Afterwards, 100 mL of the crude extract was diluted to 300 mL of an aqueous solution to yield 76.6 mg/mL as the final concentration. The extract was, then, frozen for storage. The aqueous extract was subsequently reconstituted in water at the appropriate concentration for the experiment.
MATERIALS AND METHODS

ANIMALS
TREATMENT PROCEDURE
Reproductive toxicity was assessed through two chronic test protocols. In the first protocol, 24 adult Wistar rats were selected at random and divided evenly into a treatment group (T1) and a control group (C1). In the second protocol, 30 immature Wistar rats were divided evenly into a treatment group (T2) and a control group (C2). The rats in the treatment groups received a single daily dose by gavage of 1 mL of C. ferrea extract of 300 mg/ kg of body weight, which was administered for 52 days (T1 group) or 104 days (T2 group). The 52 day period corresponds to the spermatogenic cycle of this species (Hilscher 1964) . The control groups received 1 mL of distilled water following the same protocol as the treatment group.
During the experiments, the animals were observed twice daily for clinical signs of toxicity, such as piloerection, changes in locomotor activity and mortality (Manson and Kang 1994) . Body weight was recorded before the beginning of treatment, at weekly intervals and at the end of treatment. Food consumption was monitored daily.
C. ferrea TOXIC ASSESSMENT ON THE RAT REPRODUCTIVE SYSTEM
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The animals of the first protocol, T1 and C1, were euthanized by inhalation of an anesthetic (halothane) on the 53 rd day, and those of the second protocol, T2 and C2, on the 105 th day. Immediately after death, the following organs were dissected out and weighed: testes, left epididymis, seminal vesicle, prostate, liver, kidneys, lungs, brain and the pituitary gland. The left testis and epididymis were, then, fixed in Bouin for histological examination. To conduct a light microscope examination, the tissues were dehydrated in a graded series of ethanol, embedded in paraffin and sectioned at 3 μm thickness for routine haematoxylin and eosin staining (Humason 1972) . Sperm was collected from the epididymal secretion of the right epididymis cauda. The secretion was placed in a 0.3 mL drop of physiological serum extract and later diluted in distilled water. From this homogenate, a sample was taken and a sperm count was obtained using a hemocytometer with improved double Neubauer ruling (Moraes 1994) .
The Student's t test and the Mann-Whitney test were applied for statistical comparison of the differences in data between the test groups (α = 0.05) (Sokal and Rohlf 1996) and the results were expressed by mean and standard deviation (SD).
RESULTS
During the treatment period, no deaths and no changes in locomotor activity, piloerection, nor any other clinical signs of toxicity were observed. Body weight did not change significantly, and the treatment did not interfere with food consumption, although the average food intake of the treatment group (T2, 104-day test protocol) was systematically a little below the average consumption of the respective control group.
The weight of the reproductive organs, the accessory sex glands, the pituitary gland and other analyzed organs were not significantly different between control and treated groups on both toxicity test protocols (Tables  I and II) .
Sperm concentrations from the secretion of the right epididymis cauda were: control (C1) = 108.4 ± 64 × 10 6 sperm/mL (mean ± SD) and treated (T1) = 191.4 ± 138.3 × 10 6 sperm/mL; control (C2) = 1095 ± 334.8 × 10 6 sperm/mL (mean ± SD) and treated (T2) = 1079 ± 196.6 × 10 6 sperm/mL. There were no significant differences between the mean values of C1 and T1, and those of C2 and T2. Figures 1 and 2 show the proportion of normal and abnormal spermatozoa of control and treated groups; again, there were no statistical differences between them. The most common abnormalities were headless, tailless and curly tailed spermatozoa; their concentrations in the 52-and 104-day test protocol were also similar. The histological examination revealed that there was no structural change in the seminiferous epithelium of the treated groups' testis when compared to that of the control groups. Similarly, the epididymis of control and treated rats showed a normal epithelium lining and the presence of spermatozoa in all segments (head, body and tail) of this organ.
DISCUSSION
Plants contain many active compounds that are probably responsible for their different therapeutic properties exploited by folk medicine. However, these natural occurring compounds may also exert a toxic effect in the development or normal functioning of the reproductive system (Abdel-Magied et al. 2001 , Bidwai et al. 1990 , Hiremath et al. 1997 , Montanari et al. 1998 , Rajasekaran et al. 1988 ). Coumarin, flavonoids and sitosterol are plant substances that have been related to the occurrence of adverse effects on the reproductive system. Previous studies have shown that coumarin had antifertility activity in female rats (Ulubelen et al. 1994) , whereas flavonoids produced antiandrogenic activities in male dogs (Bhargava 1989) and sitosterol reduced sperm production in rats (Malini and Vanithakumari 1991). These substances have been reported to be among the active compounds of the aerial parts of C. ferrea, thus suggesting a possible toxic behavior of this plant on the reproductive system.
Reproductive tests designed to evaluate the toxicity of compounds are important to identify which targets in the reproductive system are affected by the toxin. Toxic agents may reduce male fertility potential by impairing sperm production, maturation, function and survival by acting directly on the sperm in the testis milieu or by affecting epididymal function. In the accessory sex gland secretions, the toxic agents could affect sperm directly or affect the female genital tract. The chronic reproductive test protocols include organ weight data, measures of sperm production and quality, and histopathologic evaluations as some of their major end points. They are also recommended to assess male reproductive toxicity because the exposure period covers the entire spermatogenic cycle (Zenick et al. 1994) .
C. ferrea is a plant used by the population for its therapeutic properties, although very little is known about its side effects due to the lack of pre-clinic and clinic studies. A preliminary assessment of the toxicity of this plant showed a non significant weight reduction of the seminal vesicle of rats submitted to short-term tests using an aqueous extract of C. ferrea (Reboredo et al. 2006) . Following the acute reproductive screening, the next step involves the investigation of the long-term exposure of the substance on the organism. Therefore, in this work, two long-term treatment protocols were performed on an animal experimental model to investigate a possible toxic effect on several organs, with emphasis on the reproductive system.
Since the aqueous extract of C. ferrea has been used in an acute toxicity assessment on the reproductive system of Wistar rats at the dose of 300 mg/kg of body weight (Reboredo et al. 2006) , the same dose was selected in this experiment. This dose level also corresponds to the dose used on previous studies for the evaluation of the analgesic and anti-inflammatory properties of this plant (Carvalho et al. 1996) . The choice of one dose is also in accordance with the guidelines of the Ethical Committee to reduce the number of animals in the experimental procedure. The long-term administration of the extract did not seem to have caused any toxic effect in the rats from both test protocols, since no deaths nor clinical signs of toxicity, such as locomotor activity changes and piloerection, were detected.
Body weight reduction of animals under treatment is indicative of toxic action of a substance in the organism (Hiremath et al. 1997) . In the present work, the treatments did not cause a significant body weight reduction nor did interfere with food consumption in the treated animals, which presented similar weight gain when compared to the control.
A weight loss of the reproductive organs is under hormonal control and could suggest a disturbance of the reproductive endocrine functions (Elbetieha et al. 2001) . In the testis, the production of sex steroid hormones and male gametes is regulated by the folliclestimulating hormone (FSH) and luteinizing hormone (LH), which are secreted by the pituitary gland. An impairment of the normal functioning of this gland could, then, interfere with the development and functioning of the male reproductive system (Mahony and Hodgen 1995) . In this study, the treatments did not produce undesirable side effects on the pituitary glands, nor did affect the organs of the reproductive system or the accessory sex glands, as evidenced by their weights that were not changed significantly. At the beginning of the 104-day treatment group, the reproductive organs of the rats were not completely developed, but by the time the treatment was over, the animals were fully grown and sexually mature. Although some sort of damage would be expected to occur because the animals were still undergoing sexual maturation during the experimental procedure, no androgenic or anti-androgenic effects were detected in the treated animals, giving further support to the normal functioning of the reproductive organs, including the androgen-dependent accessory sex glands. Apart from the reproductive organs, the treatment did not affect the other vital organs such as the liver, whose hepatotoxic effect has been reported in the literature (Di Stasi et al. 2002) .
In addition to the organ weight data, a comprehensive assessment of the effects of chemicals on male reproductive functioning also requires the study of effects on spermatogenesis and the quality of the spermatozoa (Blazak et al. 1985 , Wu et al. 2010 . Despite the long duration of the treatments and the presence of active compounds with reported toxic action on the reproductive system, the C. ferrea extract was not toxic to the testis, the left epididymis, the ventral prostate and the seminal vesicle. No impairment of the spermatogenic cycle was observed, and the sperm concentration from the secretion of the right epididymis cauda did not differ significantly between the control and treated groups of both test protocols. The sperm morphology seemed unaffected by the treatment as the proportion of normal and abnormal spermatozoa was comparatively similar between the control and treated groups. These observations were corroborated by the histological data that showed no alteration on the histoarchitecture of the testis and epididymis.
In conclusion, the data in this work points to the absence of toxicity of the aqueous extract of C. ferrea considering that no toxic effect was observed in the Wistar rat following a long duration exposure. The androgen production and gamete secretion were not affected, showing a normal functioning of the reproductive system and its related endocrine system. 
